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In  the  3-monbh  period  oovorod  by  this  progress  report,  vrork  was 
confined  largely  to  a  study  of  the  phyoioal  propsrtiee  and  thernial  stabilities 
of  fillings  comprieing  granulated  white  phosphorus  bound  v/ith  Duralon, 

Thiokol  I.P~2,  ordinary  plaster  of  pnrio,  and  plaster  of  parts  set  with  an 
©muJelon  of  phosphorus  in  polyvinyl  alcohol.  The  inwiediato  objectiw  vms  a 
doterJidnaliion  of  tho  optimum  compositions  of  fillings  to  iw  charged  into 
4. 2- 'inch  CM  shollo  for  teats  at  the  yirony  Cheraioal  Center. 

Since  fillings  oonaisting  lea-goly  of  masaivo  red  phosphorus, 
pj’eparod  by  tho  thorml  oonv<iraion  of  whits  phosphorus  in  tho  sealed  mi^ni- 
tioi'.,  had  shown  prorrdae,  study  vms  diz’eotad  to\mrd  a  roiiuotion  in  the  peak 
tomreratiAio  and  attonrtaiit  proasuro  during  the  oxothormio  oonrorslon  through 
the  use  of  a  mixture  of  red  and  white  phoepborus  as  the  initial  charge. 


PHYSICAL  PROPilRTlKS  OF  FILUNG!^ 


‘  ifio 

Tho  specific  graritioa  of  cast  spociumrs  ol:'  the  various  binclors 
Uf;ec.  in  tho  prepanvtion  of  phosphorus  fillings  v;oro  dotormined  by  the  water- 
clisi  lao(5irKnt  method.  Tho  results,  togaUier  with  estimaboo  of  the  speoifie 
grai'itieo  and  pho.sijhorus  oontonta  of  fillings  propo.red  with  the  bitiders, 
aro  listed  in  Table  I,  iiach  of  tho  fillings  in  oho  tablo  contained  the  same 
a'lioonf.  of  granulated  white  phosphoruo,  63  poi-  cent  of  the  amount  of  mfiasiiw 
white  phoaphoruG  that  would  occupy  tho  cams  space  os  tho  fillings. 

limulsiono  of  pliosphorus  in  aquoous  polyvinyl  alcohol  solutions 
WiTV  found  to  contain  rolativoly  larg-o  quantities  of  gas  that  appareni;ly  h.ad 
boei'  iJicorporatod  ix\  the  mixtures  in  their  prepai'atlon.  Tlio  amount  of 
ooc/udod  gft.s  and  the  rato  of  its  oconpo  from  the  cmuloiono  are  Indioatod 
by  the  apparent  spnetfio  gravities  lisfcoa  in  Tablo  II.  Tho  specific  gravi.tioe 
wort  determined  by  iiK>.'?,suri.ag  the  apparent  v.oight  O-f  a  stool  bob  suapojided 
in  omulaioiisj  tho  roprodiicibiiity  of  t)ic  isoasursT.isnta  \ms  of  tho  order 
of  --S  par  cent. 


‘SABUi  I 

Sgeoif^  Gravities  of  Mntlora  ghosphorus  FlHingc  Prepared  with  Them 

_ Fhosphorua  ■filllag'^ 
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Sp .  [.'ll’ . 

oontant,  vrfc.  % 

DureE  casting  rofiin 

1 .  H2b 

1,69 

71 

Baker  casting  i*oai». 

1.184 

1.68 

71 

Durolon  30 

1.286 

1.62 

70 

Thiokol  LF~2^ 

1.278 

1.61 

70 

riaeter  of  pario® 

1.609 

1.70 

66 

Q 

Kttimbod  on  the  as  oumptiona  that  the  granulated  'AT'  ocntains  ZT/o  voids 
ard  that  the  amount  of  binder  iu  105>  of  that  required  to  fill  the 
^  vtid  Bpe.ces. 

“  C'.'red  v/ith  20^»  furfural  and  'i%  formic  aoid.  Incox-poration  of  1% 

^  Tiwroaptoetlianol  hna  little  effeot  on  the  tabulated  v&luee, 

.t’l spAX^ed  '.vith  oqua'i.  weights  of  plaster  and  v/ator. 


Apparent  .Speoifio  Gravitiec  of  hO  Pcn^  Cen'i:._  .liimuleions  of 
Alxite  PhoBphorus  in  Aq\)eous  Folyyinyl  Aloohol 


■Vlocoeiby  rating  of  alcohol  High  High  High  ^fedil’m 

Concn.  of  aloohol  in  soln. ,  \vt.  0  fJ  4  8 

_  Time  uitor  prsp.n, ,  hr.  _  Apparont  speoifio 


0.28 

- 

- 

0.57 

0.67 

0.60 

0.74 

0.93 

0.40 

0.78 

1 

“ 

- 

1.2S 

0.93 

2 

1.04 

1.15 

1,50 

1.30 

3 

- 

- 

l.SO 

1.37 

4 

" 

- 

1.30 

1,41 

5 

- 

1.30 

l.SO 

24 

- 

» 

1.30 

1.30 

40 

1.33 

1,35 

- 

.. 
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Although  Table  11'  iadioe.'bofj  that  subotajatlally  all  the  oeoludod 
guu  oBoapod  from  i/ho  emulaios  in  4  hc‘uj'5,  fillings  pi'Opnied  with  granulated 
phosphor”",  a.leohoi-v/a-cai’-phoflphorufj  ojiTUlESons,  and  plaster  of 

puris  raors  than,  filled  M15  gronadoo  when  the  v/eights  of  the  imtorials 
taken  wore  oaloulated  to  oooupy  a  roluiie  of  only  225  oo.  A  oasipla  of  the 
filling  vjaa  Allowed  to  set  in  a  fp.aaa  sample  bottle.  The  filling  then  was 
observed  to  contain  numerous  gas  pockota,  aid  rougj'i  iTjOasurSBionte  indicated 
that  the  apparent  speoifio  gravity  of  tho  filling-  was  1.42  instead  of 
approximately  1.75  as  oetimatod  from  tho  laiovm  speoifio  gravities  of  the 
conrponsntE.  Hence,  tho  gas  pockota  must  have  pooupied  a'bout  19  per  cent 
of  the  total  volume  of  the  fiWing.  The  oooludod  gas  evidently  was 
incorporated  into  tlio  mixture  wlio.n  the  granulated  phosphorus,  emulsion,  and 
plaster  of  paria  vraro  mixed  in  a  beaker  vjith  «  spatula.  Rodding  tho  freshly 
charged  filling  in  the  grenade  and  tapping  tho  gr-onado  on  a  solid  base  bofoi-e 
the  burctor  well  vras  insei’tod  were  o.f  no  avp.il  in  settling  the  filling  so  as 
to  expel  the  oocludcd  gas.  In  spite  of  this  undesirable  property  of 
occluding  gas,  however,  this  typo  of  filling  has  porformod  excellently  ,in 
all  firing  test.s,  und  grenades  filled  with  this  mterial  contain  more 
phoaphoj'ufc  than  grenades  filled  v/ith  any  otJier  filling  proparod  from 
granulated  white  phosphorus.  l»ioreovor,  the  planter-emulsion  fillings  appear 
to  be  tharirnlly  .stable  and  quite  proinicing. 


0?horxiial  S tabllity 

In  evc.lup.ting  the  tlierrfral  stability  of  phosphorus  fillings,  a  filled 
munition  is  heatod  fox-  8  hours  at  C.  while  lying  on  its  side  and  then 
is  nllowod  to  cool  in  tJio  sejrfl  position.  The  static  unbalance  of  the  muni¬ 
tion  is  dotorminod  by  meiasur.tng  the  weight,  uuspendod  from  a  string  vfrapped 
around  the  munition,  required  to  maintain  tho  munition  at  equilibrium  on  a 
horizon! al  plane  when  it  has  toon  rotated  90“  from  its  natural  rest  point. 

Tho  unbalance  is  ropo.rted  as  the  shift  of  tho  oontor  of  gravity  of  the 
finmition  from  the  gooi'ietrio  longitudinal  axis. 

A  method  v/as  dev.lsod  for  determining  the  position  of  tho  center 
of  gravity  of  tlio  filled  munition  along  its  longitudinal  axi.s  as  v/ell  as  the 
lateral  shift  from  the  axi.").  The  appai'atus  is  a  rootangular  cradle  in  \'diioh 
an  ?.-:15  grenade  can  'bo  eupported  so  that  the  longitudinal  axes  of  the  oredlo 
end  tho  grenade  appro.aoh  par&lloli.sm  in  a  vortical  plan©.  The  cradle  is 
cuspended  .from  a  pair  of  knife  edgos,  a,  line  through  the  bearing  edges 
being  subetantially  perpendicular  to  llie  vertical  plane  that  passes  through 
tho  longitudinal  axis  of  the  cradle.  A  ra.i.rror,  attnohod  to  the  beam 
oonneoting  tho  kui.fe  edges,  reflects  the  ray  of  light  from  a  galvauomater 

lamp  to  a  .vertical  sonlo , 

« 


(S) 


To  locate  the  center  of  gravity  of  a  greriade  along  its  loagitudiml 
axifi,  the  munition  is  placed  in  the  oradlo  and  v/eights  are  suspended  from 
the  appropriate  end  of  the  oradie  at  a  known  distance  from  tlie  center  of 
gravity  of  the  cradle  to  bring  the  ray  of  lig^lit  refleotod  from  the  mirror 
on  the  knife-edge  beam  back  to  the  original  zero  point  on  the  vertical 
eoaie.  The  v/oight  of  the  munition  baing  knov/n,  the  distance  of  the  center 
of  gi'avity  of  the  munition  from  the  cantor  of  gravity  of  the  cradle  is 
calculated  readily.  The  munition  is  placed  with  its  base  at  a  knovra  position, 
so  that  the  distance  of  the  center  of  gravity  of  the  munition  from  its  base, 
which  is  taken  as  tho  most  oomronient  referonGe  point,  is  delenrdnad. 

Previous  results  of  thermal  stability  tests  have  been  reportod  as 
the  actual  shift,  in  niillimsters ,  of  tho  center  of  gravity  of  the  munition 
from  tho  longitudinal  axis.  Work  covered  by  the  present  report  included 
Bam))leB  in  both  MIS  grenades  and  glass  cample  bottles.  Since  neither  the 
ratio  of  the  vreight  of  the  filling  to  that  of  the  container  nor  the 
dimnnsiona  of  tho  containers  are  tho  same,  the  present  rocults  are  reported 
in  peroontagos.  All  values  are  calculated  on  the  basis  of  the  filling 
alone . 


Tho  reported  values  oan  be  converted  to  values  applicable  to  M15 
fi-e.'iadea  by  dividing  by  2,  since  the  weight  of  the  container  is  approxiiiiately 
equal  to  that  of  tlio  usual  filling,  or  to  values  applicable  to  4.2  CM  shells 
by  dividing  by  3,  einoo  the  woight  of  the  container  is  approximately  twice 
that  of  tho  usual  filling.  The  lateral  shift  of  the  cantor  of  gravity  from 
the  longitudinal  axis  is  expressed,  as  a  [xsroentage  of  the  internal  diamotor 
cf  the  oylindrioal  section  of  the  munition,  and  tho  shift  of  the  oontor  of 
gravity  in  the  direction  parallel  to  the  longitudinal  axis  of  tiio  munition 
is  expressed  as  a  peroontage  of  tho  original  distance  of  tho  center  of 
gravity  of  the  filling  from  tho  outside  bottom  of  tho  munition.  In  a 
norielly  filled  M15  grenade  the  original  center  of  gravity  lies  bs tween  40 
and  46  per  oent  of  the  total  length  of  the  grenade  case,  while  the  center 
of  gravity  of  tho  empty  crbc  v;ith  burster  well  in  place  is  between  64  and 
C'd  ler  oont  of  the  length  of  the  case  above  tbie  base. 

It  is  assumsd  that  the  maximum  shift  in  center  of  gravity  would 
iM  ob/tainod  with  a  Jir.terial  such  as  raassiva  v/hite  phosphorus,  vjhich  is  a 
solid  at  room  temperature  but  v/hioh  behaves  as  a  fluid  at  the  temperature 
of  the  tost.  Tho  values  in  Table  III  snow  the  shifts  in  center  of  gravity 
of  the  filling  that  are  olAained  v.-hen  M16  grenades  oontainiag  various  amounts 
of  lassive  vfhite  phosphorus  are  subjected  to  thennnl  stability  tests. 
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Shif'ljjof  Gon/lior  of  Gravity  of'  M&a -i^^‘'25Pi]£Ei® 
W.ID^KO  in  Or0na<te£_^in  yherniai  S-'caM.liGy  'Jaat 


Vi't.  of  j.ihofjphoruc 
.rillina;,,  g. 

Latoi'ul  whi.ft 
from  long,  inda 

Cm7  /T  oi'  3ia, 

Distance 
Orig. , 
cm. 

from  be.se 
Heated, 
om. 

of  gronada 
Chujigo , 

_ °£ _ 

SYf 

0,54 

9.3 

4.S6 

5.34 

22.6 

saii 

0.49 

0.4 

4,50 

6.35 

10.9 

39f 

0.4.1 

7.P, 

4.59 

6,35 

16.6 

40£: 

0.35 

G.l 

4.  VI 

5.28 

12.1 

411 

0.34 

5,!-} 

4.80 

5 . 37 

11,9 

41h 

0.P.9 

5.0 

4.85 

5 . 34 

10.  .1 

Thvcra  syrie.3  of  filiinga  propo.rod  IVoin  gi-anulated  phoaphorus  v/ith 
Dm-i.'i.oji  (,.Ed  i’hiokoi  iP-S  bindorn  v/ej’s  p.ic.ood  in  ^:-02,  glasa  anraple  bottleo. 
Wneji.  thr-i  proparatioiui  hod  curod,  tho  ooj'/bor  of  gravity  vma  located,  ami  the 
a'.unnlea  ■''■.ho, a  ware  :-;n.b;jootod  to  an  fl-’liow'  blioniis,!  stability  test.  The  results. 
o.i"  'ho  it  ata  >iro  ';  af  v;.a  i.n  Tablo  r/.  The  bottles  v/o.ro  about  4.!;  cm.  in 
dia.'totor  end  10  cm.  ball,  inside  diiiwinaionfi.  Included  in  Te.blo  IV  ai-e 
otifci  iv.at'W'  ■■/•u.l.uoa  bhab  c.ou.ld  be  anticipated  in  oimilav  tootr.  with  mfissivo  white 
jjUo  .phoi  i*..;  f.'.lling;;  occupying  the  oar«  voluiic-K  an  tho  ex-pyriironbal  .fillings. 

'\n  iiurpcotiovi.  of  btie  i-iamplca  .ch.owed  that  mo.lton  phosphorus  had  run 
rn.i.t  of  tiio  hp.d  .‘jobtlofi  Ixitv/oon  the  bop  of  bhe  .filling  and  the  top 

of  dio  h;ir.  amount  ol’  pijosph.oruo  that  'ran  out  of  each  filling  ia 

r.hc’'n  I?.',  co.luiTir',  '6  of  table.  IV.  The  lato^ral  unbala.uoo  resultant  frOTn  this 
dicolac.OiO.nt  cf  i>bo.‘jphoru£;  amounted  to  bstv/oovi  50  and  90  pa;;-  cent  of  the 
toc'.l  l-.'terfiJ.  uni e. .Ir.'ncc  of  the  ontiro  aniiiplo,  so  that  thei’O  apparejitly  had 
bao:i.  uo.Ti’)  sottling  of  pliosphoriw  th'rougli  the  .solid  oponge  of  cured  IX'.nloi’. 

«'ihe.,i  the  treutod  wui'plou  ware  rohoated  .lor  0  hours  nt  66°  0.  ,  r. banding 
upr  '-.glit,  the  .lateral  unhalanoe  docroasoil  substantially  to  iiero,  but  the 
conboi'c  of  gravity  of  tlje  fillings  x"©niaiued  slightly  above  the  origijxal 
eon  loro  of  gravity.  Much  of  the  pliospboru-s  ramainod  on  top  of  the  bod.y  of 
tlis  .filling  rather  than  roturning  to  its  original  pou.iti.on. 
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TABLii;  IV 


Theriral 

Stability 

T«:st0  of  Duralon  and  Thiokol  LP-2 

Fillings 

in  Glass 

Sample  Bottles 

• 

Bstd.  shift 

of  o.g. 

Shift 

of  center 

.for  massiv'is 

rtP  v/ith 

of  gravity 

same  volunra 

Sample 

Bl.ncloi* , 

Loss  of 

Lateral, 

Long., 

I«to.ral, 

Long. , 

no. 

y?' 

tVF, 

/«  of  dia. 

%  of  prig. 

%  of  _^ia.  j 

fc  of  orig. 

Duralon 

E66 

56 

'64 

12.6 

60.9 

17,9 

61.8 

J08O 

80 

36 

7,7 

27.7 

17.2 

68.0 

KlOO 

1.00 

7 

2.6 

4.0 

14.8 

46.3 

£120 

120 

3 

1.6 

.3.6 

12.2 

34.6 

ThioJcol 

LF-2^'' 

•JOO 

80 

16 

4.8 

10,3 

17.4 

58,3 

JlOO 

100 

4 

1.9 

6.4 

14.0 

42.1 

.1120 

120 

2 

1.8 

3.3 

12.6 

36. 3 

Thiokol 

LF~2  with 

mo  rcs.pt  ooth  ano  1^ 

M80 

80 

18 

.'5.8 

15.0 

17.0 

56.5 

MlOO 

100 

11 

1.9 

4.0 

14.8 

45.3 

M120 

120 

5 

2.5 

2.7 

14.8 

45.3 

For  oemt  of  nmounj;  oi'  binder  required  to  fii.l  all  void  spaces  in  the 
granulated  phoepJiorue.  Granulated  phosphorus  consisted  of  minus  4- 
plus  fl-Tii©sh  and  lainus  8--jriOsli  granules. 

Per  cent  of  total  phosphorus  charged  that  riva  out  of  body  of  the  filling. 
”  Curod  with  20^^  furfu/ul  and.  4:%  fonnio  acid, 

“  Gontainsd  IJ'u  ciaroaptoothanol;  cured  'vith  ?.0/o  fui-fiiral  and  4%  .formic  acid. 


The  data  in  tublii  IV  indicate,  hcfv/ernr,  that  the  fillings  were 
fairly  stable  thormlly  v/hcn  euf.ficient  binder  was  present  to  ensure 
substantially  complete  covering  of  tho  pbogphorua  granules.  It  is  concluded 
that  most  of  the  shift  of  the  center  o.f  gravity  of  the-se  fillings  is  attributable 
to  the  tiovemsnt  of  phosphorus  into  the  void  spaco  in  the  container.  Tho 
glass  sample  boi;tles  were  filled  to  only  about  6.B  pei'  cent  of  their  capacity. 
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wb.oroas  88  par  cent  of  the  to-bal  tspace  ouiitomariiy  ia  ocoupisd  ty  the 
filling  iu  both  M16  grenades  and  d.JJ  CM  Bhells.  More  complete  filling 
obvious 3, y  would  permit  leas  movesiont  of  molten  phosphorus,  so  that  a 
higher  aptmront  tharital  st-Rbllity  could  te  OT-cpootsd  in  uotual  muaitionB 
tliaa  was  obtained  in  testa  in  the  glass  sample  bottles. 

Phosphorus  fillings  in  which  phosphorus  granuloe  wore  cemented 
vrith  ordinary  plaoter  of  pario  and  vrith  plaster  of  paris  act  with  phosphorus- 
polyvinyl  alcohol  emulsion  woro  placed  in  MIS  grenades  and  subjected  to 
thornal  stability  teste.  The  rosnltc  are  shown  in  Table  V.  Each  filling 
oeeupied  approximately  the  volume  that  would  hold  420  grams  of  niasBiva 
white  phosphoruo,  the  calculated  shift  of  center  of  gj'avity  of  which  may 
be  estinated  from  the  data  in  Table  III,  The  thormai  stability  of  tl*e 
fillings;  bound  with  ordinary  planter  of  pe.x’is  vms  uniformly  high;  the 
nOflBwhat;  lower  stability  of  tho  emulsion  fillings  apparently  v/aa  oausod  by 
Movement  of  phosphorus  aownwai-d  through  the  body  of  the  fillings  vilthout  a 
concomitant  moveivient  of  phosphorus  into  tho  void  spaco  of  tho  munition. 

The  lateral  shift  of  tho  center  of  gravits'  iu  the  omulsion-bound  fillings 
v&s  about  twice  tho.t  in  tho  ordinary  plasiior  fillings,  but  the  change  in 
tho  dietanoo  of  tho  center  of  gravity  fron  tho  base  of  both  types  of 
filling  was  about  tho  same. 


TABIE  V 


Therml  Stability  Toots  of  riaster  of  Paris  and 


Polyvinyl  Aloohol  EraulBion  FillJ 

',ngc  in 

]v'15  Cb’Oiiade 

Size  of 

•tatora.l 

shift 

Diet , 

from  base 

of  grenade 

damp  3.6 

granu3.ated 

.f.vom  Ion 

g.  axis 

Orig. 

H Gated 

% 

no. 

phosphorus^^ 

Cra.  }'•>  ' 

of  dia. 

cni. 

om. 

change 

l^laster  of  paris 

C12A 

60-40 

0.003 

1.61 

5.01 

5.11 

1,8 

Ci2B 

60-40 

0.039 

0,68 

B.OO 

6.03 

0.7 

C12C 

40-60 

0.040 

0.70 

5.02 

5 . 04 

0,4 

cmr 

40-60 

0.041 

0.71 

4.97 

4,90 

-1.4 

01211^ 

20-00 

0.022 

0.38 

4.90 

4.99 

1.8 

CISF^ 

20-80 

0.043 

0.74 

4.86 

6.25 

7.9 

Polyvinyl 

aloohol  omuls ion-plttster  of  par: 

i-S 

• 

LU 

60-40 

0.108 

1.88 

4.81 

5.00 

4.0 

14  B 

60-40 

0.126 

2.18 

5.37 

5.43 

1.1 

14G 

-10-60 

0.061 

1.06 

5.43 

5.41 

-0.4 

UTJ 

40-60 

0.123 

2.14 

5.36 

5.4-2 

1.1 

20-80 

0.130 

2.26 

5,39 

5.61 

2.1 

20-80 

0.130 

2.4V 

5.41 

5  •  44 

0.6 

The  first  figure  Ts  the  percontugo  of  minus  4-  plus  O-rneah,  and  tho 
second  the  porcentago  of  ralnas  O-mesh -granulated  phouphorujs, 

^  I^akoii  phosphorus  biirough  threads  of  burster  well. 
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rheriwl  e-Jj&bility  tests  in  grenades  have  l2oen  ooraplioated  by 
].aa]i;agQ  of  phosphorus  pust  the  burster-well  threads  in  about  a  third  of 
the  gramdoa.  The  threads  gj»nerally  have  teen  doped  with  Aquadag.  In  the 
tests  reported  in  Table  1,  however,  atbompto  \vore  mads  to  seal  the  throe, da 
of  the  burster  wells  with  solder.  Since  these  attempts  obviously  were 
unaucoossful,  burotar-v/o,!!  threads  now  are  being  doped  experimentally  with 
fiotivated  Duralon  and  Thiokol  IP”8  in  the  hops  of  obtaining  a  phosphorus- 
tight  eorewad  fitt.ii.ag. 


PREPARATIOH  OF  RKD  PIIOSPHOHUS 


Ajaalyaie  of  Product 

Two  grenades  In  vrhicVi  rod  phoaphoriitj  had  teen  prepared  by  conversion 
of  fi.  charge  of  white  phosphorus  xiore  out  open,  and  portions  of  the  products 
irei’O  ano, lysed  for  v/fiito  phosphorus  by  extract:)  nn  T^ith  benaene .  A  product 
of  the  conversion  of  v/hita  phosphorus  'with  1  per  cent  sulfur  as  catalyst 
contaiiisd  0,73  por  cent  white  phosphorus,  and  a  product  prepared  by  the  un- 
oatnlynod  conversion  of  v/hite  phoaphorus  contained  0.U6  por  cent  white 
phosphorus. 


The  phosphorus  was  manipulated  under  'water,  and  samples  for 
'umlyais  vroro  dried  at  room  tomporaturo  in  a  current  of  dry  carbon  dio.xide, 
'Cho  prortuot  of  the  catelyaod  converoion  contained  small  drops  of  a  liquid 
•;hat  appeared  to  te  the  80-20  phosphorus-sulfur  eutectic. 


Part ially  Converted  vThito  J^hosphorus 

The  reaction  by  which  v^hite  phosphorus  in  converted  to  red  phosphorus 
is  ivarkedly  oxothorriiio,  and  when  the  ooTivorsion  in  oari’icd  out  in  a  closed 
co.ntainsr  the  heat  is  gonsrated.so  rapidly  that  o.xternal  cooling  of  the 
oonhttinor  does  not  remove  the  boat  fast  enougli  to  provide  any  effective  control 
of  the  temporatui'C  and  concomitant  pi'ossure  in  tho  reaction  mass.  Since 
■TBxirniun  conditions  of  500“  C.  aivl  630  pounds  per  square  inch  may  be  developed 
in  the  oonvorsiou,  it  coonwd  desirable  to  devise  means  by  vdiioh  the  severity 
of  these  conditions  Jidght  be  reduced.  It  v/as  assuiflod  that  an  initial  charge 
that  contained  sonn  rod  phosphorus  would  develop  lov/er  tonparaturcs  and 
pressures  during  tJie  conversion  than  would  a  charge  consisting  entirely  of 
white  phosphorite. 


UNGUSSIFe 


-9- 


Thoro  wtts  available  a  quantity  of  partially  ooavertod  vrhit-e  phos- 
phorua  uiiat  had  cesn  loiAi  ovet*  from  the  operation  of  a  pilot  plant  for  the 
production  of  red  phoBphoi'ua.  This  material  melted  and  flowed  liJce  crud.e 
white  phosphorus  s  the  red  phoaphorue  oould  be  filtered  f'rom  the  molten 
mixture,  and  Yfhen  the  raolton  mixture  waa  allovred  to  stand,  the  fed  phosphorus 
settled  to  the  bottcm  of  the  container.  The  original  mixture  contained 
about  17  per  cent  red  phosphorus,  and  a  mixture  containing  about  36  per  cent 
red  phosphorus  was  obtained  by  a  sottling-and -decanting  procedure. 

Six  1^16  grenades  waro  filled  with  the  66-36  v^hite-red  phosphorus 
mixb'Jro,  and  to  throo  of  these  yreaados  there  was  added  sulfui*  equivalent 
to  about  1  per  cent  of  the  white  phosphorus  prasent.  The  grenades  then 
were  heated  to  convert  the  charge  largely  to  rod  phosphorus.  In  the 
unoatftlyaod  samples,  bhci  rapid  reaction-  started  at  temperatures  betvveon  265“ 
and  296®  C.,  and  the  mxiiman  temperatures  reached  in  the  quenched  grenades 
■were  between  500“  and  526“  C.  In  the  catalysed  eamples  the  rapid  reaction 
started  at  265“  to  270“  C.,  and  the  maximum  temperatures  in  the  quenched 
grenades  vvora  bstwoon  523®  and  531“  C.  In  comparison,  the  rapid  conversion 
of  irdtlal  charges  of  substantially  pure  white  phosphorus  started  at  320“  to 
330“  C.  in  uncatalyeed  ohargoa  and  at  280“  to  290“  C.  in  oharges  catalyzed 
with  1  per  cent  sulfur,  and  the  maximum  teinporaturos  in  quenched  grenades 
were  663®  C.  in  micatalyzed  charges  and  544“  C.  in  oatalyzed  oharges.  Partial 
oonvoraion  of  v/hite  to  rod  phosphorus  before  charging  into  the  m>jnition  in 
which  the  converoi.on  is  to  be  ooinpletod  does  not  seem  to  bo  worth  the  trouble 
it  entails. 


REVIh.i  OF  RESULT?  AID  PIjiWS  FOR  FURTHER  >«0RK 


Tho  data  In  Ti,\blos  IV  and  V  on  the  thermal  stabilities,  as  determined 
hy  laovemonts  of  the  contors  of  gravity  of  phosphorus  fillings  bound  with 
Duralon,  Thiokol  LP-2,  ordinary  plaster  of  paris,  and  plaster  of  puris  set 
with  on.  emulsion  of  polyvinyl  alcohol  and  phosphorus  indicate  that  storage 
at  65“  G.  has  slight  offoot  on  the  fillings.  The  measurements  wore  made  by 
static  methods,  howe^r,  and  the  results  cannot  bo  projected  to  an  evaluation 
of  the  ballistic  stability  of  a  rapidly  rotating  projectile  containing  such 
chargee.  Since  those  measuroiiBirbs  are  tho  only  means  available  at  present 
for  ostiraating  the  thermal  stability  of  experimental  fillings,  they  will 
continue  to  bo  used  to  select,  among  such  variables  as  particle  si.ze  of  tho 
granulated  phosphorus  and  proportion  of  binder  in  the  filling,  the  optimum 
compositions  of  the  fillings  to  be  placed  in  tho  4.2-inch  OM  shells  that  are 
to  be  subjected  to  storage  and  firing  tests  at  the  Array  Chemical  Center. 
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Althou^  the  aubotitution  of  rod  phosphorus  for  36  per  cent  of 
ua  initial  ohfti'ge  of  white  reaulted  in  only  a  small  dooroase  in  the 
maximum  tomparaturo  obtained  in  the  conversion  of  v/hite  to  rad  phosphorus 
in  sealed  grenades,  several  of  the  tvfolve  4.2-inch  CM  shells  that  are  to 
bs  fi3,lod  with  massive  rod  phosphorus  v/ill  bo  charged  v^ith  the  rod  and 
white  phosphorus  mixture.  Equipment  for  the  conversion  of  white  to  rod 
phosphorus  in  sealed  shells  is  being  procured  and  assembled. 

J'urther  work  on  fillings  comprising  granulated  white  phosphorus 
and  binders  will  be  limited  to  study  of  methods  of  preparation  and  to 
determination  of  thormal  stabilities  of  the  various  fillings,  so  that  the 
4.2-inoh  CM  sheila  may  be  charged  with  fillings  that  reasombly  may  bo 
expected  to  give  tho  boat  performance  possible  for  each  type  of  fllliiig. 
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